Summary. The ironfish considered to be the natural hybrid between the Funa (Carassius carassius) and goldfish (C. auratus), has several peculiarities in its morphology, karyology and reproductive biology. Its adenohypophysis also shows follicular formations which are never found in either parent species.
The follicles of the ironfish adenohypophysis consist of both prolactin cells and stellate (agranular) cells. The prolactin cells have a tall pyramidal form, and their secretory granules are seen more numerously in the basal cytoplasm than in the apical region. The electron-dense content of the granule is released into the perifollicular space by exocytosis. The apices of the cells bearing microvilli and a cilium are exposed to the follicular lumen. Many of the cilia, however, protrude from the lateral surface of the apical region into the intercellular cleft. The apical processes of the stellate cells extend among the prolactin cells and reach the follicular lumen. The end of the process becomes broad with microvilli and a cilium, and is joined together with the apical processes of other stellate or prolactin cells and sometimes lies in close proximity to the corticotrophs near the follicle. Nerve terminals in the perifollicular region contain small clear vesicles and large granular vesicles. They are occasionally in direct contact with prolactin cells and corticotrophs. By fluorescence histochemistry for catecholamines, blue-green fluorescent fibers are frequently detected in the RPD but rarely near the follicle.
These findings suggest that the follicles seen in the ironfish are derived from the regional rudiments of the Rathke's pouch.
It has been known that the follicles are present in the rostral pars distalis (RPD) of the hypophysis of some primitive bony fishes. The fine structure of these follicles has been studied by many investigators (CooK and OVERBEEKE,1969; LAGIOS,1973; CooK et al., 1973; MCKEOWN and LEATHERLAND, 1973; OLssoN and FUJITA, 1976; BENJAMIN, 1976; LEATHERLAND and PERCY, 1976) . CHIBA et al. (1978) as the natural hybrid between the Funa and the goldfish (Teleostei, Cyprinidae)-and reported the presence of the follicles in the RPD of the hypophysis by light microscopy. It interests us that similar follicles never occur in the hypophysis of either parent species, i.e., Funa and goldfish and any other cyprinid fish (LEATHERLAND, 1972; KAUL and VOLLRATH, 1974a; CHIBA et al., 1978) .
The present study was carried out in order to reveal the fine structure of the follicle-forming cells of the ironfish hypophysis and to compare them with the follicles seen in the hypophyses of other fishes.
MATERIALS AND METHODS
Twenty ironfish were collected from a pond in Aikawa-machi, on Sado Island in the Sea of Japan in May, 1978, and February, 1979 . All of them were female (SEKIYA and HONMA, 1975) , and about 75-85 mm in length.
For light microscopy, hypophyses of two fish were removed and immersed in Bouin-Hollande fixative; they were dehydrated, embedded in paraplast and sectioned sagittaly at 6pm. Sections were stained with Mayer's hematoxylin-eosin, alcian blueperiodic acid Schiff (PAS)-orange G, or aldehyde fuchsin (AF) in combination with azan trichrome.
For fluorescence microscopy, two other hypophyses were frozen in liquid propane-isopentane mixture cooled by liquid nitrogen, and freeze-dried for 4-5 days. The freeze-dried specimens were treated with paraformaldehyde of 70%humidity for 1 hr at 80'C and embedded in paraffin. Fifteen hem thick sections were examined by an incident-light darkfield fluorescence microscope (Nikon). For electron microscopy, hypophyses of 16 individual fish were immersed in 2.5% glutaraldehyde in phosphate buffer (pH 7.4), or in chilled 1 % KMnO4 in barbital buffer (pH 6.0-7.0). Glutaraldehydefixed specimens were postfixed in 10 OsO4. The specimens were dehydrated and embedded in Luveac-812.
Ultrathin sections were stained with uranyl acetate and lead citrate, and examined with a Hitachi H-500 electron microscope. 
RESULTS
The hypophysis of the ironfish is divided into three lobes (pars distalis, pars intermedia, and pars nervosa) and the pars distalis is subdivided into the RPD and proximal pars distalis (Fig. 1a) . By light microscopy, a follicle located in the RPD consists of acidophilic cells and chromophobic cells, as shown in Figure 1b . These cells are identified as prolactin cells and stellate cells, respectively, as have been reported previously (CHIBA et al., 1978) . In the peripheral portion of the follicle, large chromophobes are occasionally seen (Fig. 1b) . These cells are diagnosed as the corticotrophs (ACTH cells). In the region without follicles of the RPD, gonadotrophs are observed in addition to the prolactin, ACTH and stellate cells (CHIBA et al., 1978) . Electron microscope observations revealed that the follicle is made up of cells both with and without secretory granules, i.e., the granular and agranular cells, corresponding to the prolactin and stellate cells (Fig. 2a, b) , respectively. Occasionally, the cells containing the smaller secretory granules are seen in the perifollicular region. These are considered to be the ACTH cells (Fig. 2b) . In the follicular lumen, there is no secretory material, but a wandering cell or cell debris is occasionally encountered.
The prolactin cell is a tall pyramid possessing a centrally shifted nucleus; its nuclear membrane frequently shows invaginations.
The cytoplasm contains ordinary cell organelles: mitochondria, rER, glycogen particles, and Golgi complex.
The secretory granules are almost spherical (150-250 nm), appearing more numerous in the basal cytoplasm than in the apical region of the cell (Fig. 3a, b) . The electron dense content of the granule being released into the perifollicular connective tissue space by exocytosis mechanism has been photographed by electron microscope. (Fig. 3c) . The same mechanism, however, is not found in the follicular lumen or intercellular space. The apices of the cells are exposed to the follicular lumen and those apical cell surfaces bear microvilli (Fig. 3a) and a cilium. Many of the cilia, however, protrude from the cleft between adjacent follicle-forming cells (Fig. 4b) .
Noticeably, the stellate cell contains a large number of glycogen particles, filaments and slender mitochondria (Fig. 2a, b and Fig. 3a) . Its nucleus is irregular in form and lies in the basal region of the follicle. The cell body extends its apical processes among the prolactin cells, and then reaches the follicular lumen (Fig. 2a) . The broad luminal end of the apical process bears microvilli and a cilium (Fig. 4a) , and is joined with the apical processes of other stellate cells or of prolactin cells by junctional complexes composed of a tight junction, an intermediate junction and a desmosome (Fig. 3a) . Frequently, lysosome-like dense bodies are detected in the apical processes. Basal processes of the stellate cell spread along the basal surface of prolactin cells of the follicle (Fig. 2a) and are sometimes in close contact with the ACTH cells near the follicle (Fig. 2b) . There are numerous pinocytotic vesicles in the basal process.
The ACTH cell rests only on the perifollicular region and never faces the follicular lumen. Its rER is well developed. The secretory granules are smaller (100-200 nm) Fig. 4 . a. A cilium in a stellate cell projects into the lumen (L). This case is seen only occasionally. x 35,000. b. A cilium in a prolactin cell projects into the intercellular cleft. This case is seen more frequently. x 35,000 and less numerous than those in the prolactin cell. Occasionally, a single cilium is projected from the ACTH cell. Many nerve terminals containing small clear vesicles and large granular vesicles are encountered in the perifollicular region (Fig. 3b) . In an ideal section, a terminal can be found in direct synaptic contact with the prolactin cell (Fig. 5a ) or ACTH cell (Fig. 5b) . By fluorescence histochemistry for catecholamines, blue-green fluorescent fibers are often detected in the RPD but rarely near the follicle (Fig. 5c ). In the KMnO4 fixed specimens, terminals containing many small cored vesicles (about 50nm) are occasionally found in the perifollicular region (Fig. 5d) .
The ultrastructural organization of the follicle based on the above-mentioned findings is diagrammatically summarized in Figure 6 .
DISCUSSION
The follicles found in the teleostean adenohypophysis have been studied in several species, such as Oncorhynchus nerka (COOK and OVERBEEKE, 1969; McKEOWN and COOK et al., 1973) , Anguilla anguilla (BENJAMIN, 1976) , and the ironfish (CHIBA et al., 1978) . Furthermore, LAGIOS (1973) has investigated the ultrastructure of the follicle boundary cells in the adenohypophysis of several species of primitive bony fishes, belonging to Chondrostei and Holostei. In her observation of the hypophyses of many teleostean species, KAWAMOTO (1967) recognized follicles and like structures in the RPD of several species. OLSSON (1968) and HONMA (1969) have discussed the evolutional aspects of these structures in the fish adenohypophysis.
The obrervation that the follicles found in the ironfish are composed of prolactin cells and stellate cells is consistent with the findings in other species (COOK and OVERBEEKE, 1969; COOK et al., 1973; LAGIOS, 1973; MCKEOWN and LEATHERLAND, 1973; OLSSON and FUJITA, 1976) . Although the existence of follicles has been considered to be one of the primitive characteristics of the adenohypophysis (OLSSON, 1968; OLSSON and FUJITA, 1976) , the occurrence of similar structures can occasionally be detected in the RPD of more advanced forms of fish, such as the plaice, Limanda herzenstein (HONMA, 1969) , and the puffers, Fugu rubrips and F. poecilonotus (KAWAMOTO, 1967) . It has been demonstrated that some follicles are continuous with the orohypophysial duct (OLSSON, 1968) or with the hypophysial cavity (KAWAMOTO, 1967) , while in the case of the ironfish the follicular cavity communicates with neither of them. These follicles have never been described in any other cyprinid fishes including the parent species of ironfish.
It has been known that the organs of hybrid animals show regional undifferentiation or degeneration (KAFUKU, 1976; CHIBA et al., 1979) . Therefore, the follicles seen in the ironfish may be derived from the regional rudiments of the Rathke's pouch.
A single cilium is seen in every prolactin and stellate cell of the ironfish and usually protrudes into the intercellular cleft, although it is reported by extended into the follicular lumen in other fishes (CooK and OVERBEEKE,1969; CooK et al., 1973; MCKEOWN and LEATHERLAND, 1973; LAGIOS, 1973; BENJAMIN, 1976; LEATHERLAND and PERCY, 1976; OLSSON and FUJITA, 1976) . The cilium in the ironfish follicle closely resembles in structure that in the goldfish hypophysis (LEATHERLAND, 1972) .
It has been said that the prolactin cell releases its secretions into the lumen directly (MCKEOWN and LEATHERLAND, 1973) or, reversely, t0 the basal side (OLSSON and FUJITA, 1976 . The present study evidenced that the electron dense material of the follicle cells is released at the cell base by an exocytotic mechanism in the ironfish. On the other hand, the possibility could not be excluded that a secretion release might occur into the follicular lumen or intercellular space. As ironfish follicles are closed, it would be unreasonable to consider that secretory materials which actually function as a hormone or hormones are released into the lumen.
One of the functions of stellate cells is thought to be the transport of the secretory material (LEATHERLAND and PERCY,1976; ABRAHAM et al., 1977) . In the ironfish stellate cell, pynocytotic vesicles are recognized in the basal processes. This finding supports the view that the cell may actively transport some materials.
Lysosome-like dense bodies are found in the apical processes, as has already been documented in other animals (GIROD et al., 1975; LEATHERLAND and PERCY, 1976; SCHULTZ et al., 1979) . In accord with the findings of CHIBA et al. (1978) , wandering cells, probably macrophages, and cell debris are detected in the lumen. It may be proposed that the follicle lumen stores the cell debris and endocrine materials which might be digested by the wandering cells or the stellate cells.
The perif ollicular nerve fibers corresponding to B type fibers (KNOWLES and VOLLRATH, 1966; VOLLRATH, 1966) were considered to be aminergic fibers (FREMBERG and MEURLING, 1975; BELENKY et al., 1979a, b) . However, the present examination revealed that the fluorescent fibers are hardly detectable, and, even in the case of KMnO4 fixation, electron microscopical demonstration of small cored vesicles was posisble only in a few terminals.
Therefore, the B type fibers are not always equivalent to aminergic fibers, as was already suggested by EKENGREN (1975) . Furthermore, as it has been reported in other teleostean species (BAGS et al., 1974; KAUL and VOLLRATH, 1974b ) a direct synaptic contact of nerve fibers has been proved in the prolactin and ACTH cells of the ironfish.
This confirms that these cells are under nervous control.
